We consider a model of strong dynamics able to account for the origin of the electroweak symmetry breaking and heavy quark masses. The model is based on a technicolor sector, augmented with topcolor and top-seesaw mechanism to assist in the generation of heavy quark masses. The low energy effective theory is a particular three Higgs doublet model. The additional feature is the possibility of the existence of composite higher spin states beyond the scalars, which are shown to be essential in this model to provide extra contributions in the higgs decays into two photons. We provide a detailed strategy and analysis how this type of models are to be constrained with the present data.
I. INTRODUCTION
The ATLAS [1] and CMS [2] experiments at LHC have announced a discovery of a new boson with mass M h 126 GeV. The decay and production rates of this new particle appear to be consistent with the prediction of the Standard Model (SM) of elementary particle interactions, and therefore the next logical step is to try to uncover its properties more precisely and to see how well it fits in with various extensions of the Standard Model. For examples, see e.g. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] .
Strong dynamics remains as a viable alternative, although the discovery of a light scalar particle is a severe obstruction for traditional Technicolor models [13, 14] . Moreover, technicolor alone does not provide a mechanism to generate masses for the elementary matter fermions, and one must invoke more complex dynamical mechanisms.
How does a light scalar emerge from strongly coupled dynamics ? There are generally at least two different alternatives. First possibility arises, if the theory underlying the dynamical electroweak symmetry breaking is quasiconformal [15] [16] [17] [18] . This means that under the renormalization group evolution the theory approaches an infrared fixed point which, however, is supercritical with respect to chiral symmetry breaking; formation of fermion-antifermion condensate triggers electroweak symmetry breaking and the theory flows into QCD like vacuum in the deep infrared. However, due to the presence of a quasi stable infrared fixed point the coupling constant evolves very slowly, i.e. walks, over a large hierarchy of scales and this quasiconformal behavior is directly reflected on the properties of the spectrum [19, 20] . The second alternative is that the contributions to the electroweak sector are shared beteween different sectors, i.e. there exists different scales, say v 1 and v 2 which together give v 2 weak = v 2 1 + v 2 , but both v 1 and v 2 can be less than v weak . The masses of the excitations in different sectors are dictated by the scales v 1 and v 2 , and hence these mass scales can also be smaller than v weak . This latter possibility will be considered in this paper.
Models of this type are motivated by the need to explain both the generation of the masses of the electroweak gauge bosons as well as the masses of the elementary fermion fields of the SM. We assume that the light fermion masses are explained by some Extended Technicolor (ETC) scenario [21] , while the masses of the third generation quarks arise dominantly from additional strong dynamics, which we assume to be of top-seesaw type [22] [23] [24] in [25, 26] .
The top-seesaw sector in this model is based on [24] . The basic idea of this model building is to introduce new vectorlike quarks not charged under the weak interaction, but which generate a nontrivial vacuum condensate via new strong dynamics shared between the third and fourth generation quarks. Concretely, under SU(3) 1 ×SU(3) 2 × SU L ×U(1) 1 ×U(1) 2 , these fields transform as Q (3) L ∼ (3, 1, 2, 1/6, 0), U
R ∼ (1, 1, 3, 1, 0, 2/3), U
R ∼ (1, 1, 3, 1, 0, −1/3) U The full underlying gauge symmetry is assumed to reduce to SU(3) QCD ×SU(2) L ×U(1) Y via symmetry breaking at scale Λ v weak , generating effective four fermion interactions
where the superscript c implies charge conjugation. The diagonal terms, G b and G t arise from the exchange of eight colored gauge bosons with mass ∼ Λ. The off diagonal term G tb may arise either from FCNC interactions of the topcolor [27] sector or via the topcolor instantons [24] .
The above four-fermion interactions, when strong, lead to vacuum condensates of the formD
L andŪ
L , and these contribute to electroweak symmetry breaking and to the masses of heavy quarks. The quark mass spectrum is fully specified by noting that in addition to the dynamically generated quark masses Σ U and Σ D , the low energy gauge invariance also allows for the mass terms M R and similarly with the replacement U → D. The quark mass spectrum is then determined from
From the structure of the condensates, it follows that the top-seesaw sector is, at low energies, described by an effective two-higgs doublet model. As in [26] , we consider also an underlying (extended) technicolor sector responsible for the electroweak symmetry breaking, but contributing only in subleading order to the heavy quark masses. The light fermion masses are expected to be generated by the extended technicolor interactions. Considering technicolor and top-seesaw dynamics together then leads to a three-doublet model as an effective low energy description of the strong dynamics.
In [26] we considered a concrete model built upon the minimal walking technicolor [19, 20] model. Here, we keep the technicolor sector generic, with the chiral symmetry SU(2) L × SU(2) R chiral symmetry whose spontaneous breaking contributes to electroweak symmetry breaking. When comparing with precision data, we also outline how different technicolor models, like the minimal walking technicolor, affect the results.
The paper is organized as follows: First we introduce the low energy Lagrangian in section II . Then, in section III we compute the spectrum of fermions and composite particles. The constraints from electroweak precision observables are considered in section IV, and finally in section V we consider the model in light of the recent LHC data.
II. LOW ENERGY EFFECTIVE LAGRANGIAN
In this section, we consider the low energy effective theory for the top-seesaw assisted TC model. To describe the Nambu-Goldstone bosons (NGBs) of the TC sector, we use the most minimal electroweak chiral Lagrangian (EWCL) [28] [29] [30] 
which is the most minimal structure. In other words, the leading order chiral Lagrangian is
where Φ TC is given by
andΦ TC ≡ iτ 2 Φ * TC , where τ 2 is the second Pauli matrix. The covariant derivative D µ Φ TC is given by
where T a = (1/2)τ a and W µ , B µ are the SM SU (2) L , U (1) Y gauge boson fields and g, g are their gauge couplings. On the other hand, the top-seesaw sector is described by the two higgs doublet model (2HDM) [24] , i.e. by doublets Φ i (i = 1, 2)
and the covariant derivatives for Φ i under the electroweak gauge symmetry are as in Eq. (6) . Thus the low energy effective Lagrangian of the top-seesaw assisted TC model is given by
Here, L yukawa consists of the Yukawa interaction terms and is given explicitly by
Note here that the implications from the Yukawa term in Eq. (9) are very different from the usual 2HDM [31] . This is so since the neutral higgs boson h 0 arises only from the doublets Φ 1,2 of Eqs. (5) and (7), does not couple to any leptons or any light quarks at tree level. Therefore, for the phenomenological purposes we will concentrate only on the quark sector and we will omit the light generations in what follows. Also note that due to this underlying structure, the FCNC problem of the generic 2HDM is completely avoided in our model.
The potential V (Φ 1 , Φ 2 , Φ TC ) in Eq. (8) arising from the top-seesaw sector can be decomposed as Next, we discuss the higgs boson mass spectrum in the present model. The quadratic terms of the NGB fields arising from the both sectors,V (
which are eigenvalues of Eqs. (16) and (17) . In our study we will treat M TSS,0 as a free parameter. The CP-even higgs boson mass matrices are given by
The CP-even higgs boson (h 0 , H 0 ) masses, m h < m H , are eigenvalues of Eq. (19) . They are determined solely by the top-seesaw sector, since the TC sector is described by a "higgsless" doublet. The mixing angle in the CP-even higgs boson sector is defined as
and the two CP-even higgs boson mass eigenstates are given by
which is the same as in the usual 2HDM. However, we should note the meaning of α in the present model. From Eqs. (9) and (21), we deduce that the two CP-even higgs bosons couple to fermions as
Generally the coupling between the composite higgs and its constituent fermions is strong. Therefore, looking at the above couplings, we find that if | tan α| < 1, the composite higgs h 0 is dominantly a fluctuation of the condensate of up-type quarks. Similarly, if tan α| > 1, h 0 consists dominantly of a fluctuation around the condensate of down-type quarks. Consequently, we can estimate constituent fermion species of the light CP-even higgs boson via the value of cos α.
Then, taking into account the mixing between the top-seesaw sector and TC sector, the mass matrix of the neutral CP-odd higgs boson fields, π 0 i , (i = 1, 2, TC), including the neutral top-pion of the top-seesaw sector and techni-pion of TC sector, is
where S = A 0 , H ± and p = 0, ±, respectively. The mixing angle tan ζ p is defined as
To obtain more insight into this spectrum, we briefly consider the case with c 1 = c 2 = 0. This basically corresponds to the case studied in [26] . In this case, G S 2 S 1 T becomes
From Eqs. (28), (29) and (31) 
with the value of m 2 ETC larger than the difference of the mass eigenvalues give by Eqs. (28) and (29) . This will give a large contribution to mass of S 2 but a negligible contribution to mass of S 1 . In other words, we arrange the spectrum so that mass squared of the state S 1 is given by Eq. (29) , while the mass squared of S 2 is given by the sum of Eq. (28) and m 2 ETC . The Goldstone boson G which is absorbed by the electroweak gauge boson of course remains massless. Evidently, we do not know m ETC quantitatively unless we consider a concrete ETC model. In this paper we will set m ETC = Λ TC = 4πv TC corresponding to the cutoff scale for the non-linear sigma model which we use to describe the TC sector.
III. RENORMALIZATION GROUP EQUATIONS AND THE COMPOSITENESS CONDITIONS
In the previous paper [26] , we analyzed the dynamics by using the gap equations. In order to carry out more precise analysis in this paper, we study the model using the renormalization group equations (RGEs) together with compositness conditions [35] . We ignore the RGEs of SM electroweak interaction since their contributions are negligible at the relevant energy scales, and consider only the RGEs for QCD gauge coupling, Yukawa couplings and the higgs quartic couplings. The RGE for SU (3) c gauge coupling is given by
with the initial condition 
and the RGEs for higgs quartic couplings λ 1,2,3,4 for the top-seesaw sector in Eq.(11) are given by [31, 37] (16π
The compositeness conditions in this model are given by [34, 35] 
where Λ is called a compositeness scale and this scale is identified with the mass scale of the massive topcolor gluons M G in the present model. The dynamics is then determined as follows: As a first step, we solve system of RGEs, Eqs. (33) - (39) , under the compositeness conditions, Eqs. (40)- (42) for given Λ. As a second step, we find the physical solutions for y 1,2 and λ 1,2,3,4 from the on-shell conditions
where Σ U,D is the dynamical fermion mass and m H is the heavy CP-even higgs boson mass. In Fig.1 , we show the results of solving the RGEs with the compositeness conditions for Λ = 10, 50, 100 TeV. This corresponds to the first step described above. 
The scale dependence of (a) yukawa couplings and (b) quartic couplings. In each panel, the solid, dotted and dashed lines correspond to Λ = 10, 50 and 100 TeV, respectively. In panel (b), the red curves correspond to λ1 = λ2, and blue and green curves correspond to λ3 and λ4, respectively.
We want to see if a light CP-even higgs with mass around 126 GeV can be accommodated within the model for arbitrary Λ with Λ ≥ 4 TeV which is satisfied with the lower bound M G > 3.32 TeV at 95% C.L. from LHC [38] . First, we consider M TSS,0 = 0 in Eqs. (19) and (44) , and c 1 = c 2 = 0 in Eq. (12) . We solve the systems of RGEs, Eqs. To constrain the allowed values of (tan φ , tan β) further, we consider the fermion masses. Since the top and bottom quark masses are sourced from ETC interactions as well as from the top-seesaw sector, we take them to be represented
correspond to the contributions to the top/bottom quark mass arising from the four fermion interactions due to the ETC sector and the top-seesaw sector, respectively. In the spirit of the original top-seesaw model, we require 0 ≤ t ≤ 0.5 corresponding to m t (ETC) ≤ m t (TSS). To begin with, we fix
as representative values. In Fig. 3 , we show the dynamical fermion mass Σ U/D for 4 TeV ≤ Λ ≤ 100 TeV. In this figure, we take tan φ = 0.5, 1, 3 and tan β = 0.5, 1, 3 as in Fig.2 . In order to realize the top-seesaw dynamics, we must have Σ U > m t (TSS) = (1 − t )m t with t = 0.5. This limiting value of m t (TSS) in the case t = 0.5 is shown as the horizontal dotted line in the left panel of Fig.3 . On the other hand, for the bottom sector, Σ D is always larger than m b 4 GeV, so no additional constraints arise here. Thus, combining Fig.2 and Fig.3 , we take the benchmark values of ( t , tan φ, tan β) as t = 0.5 and We focus mainly on Λ = 50 TeV, which also diminishes the contributions from the massive topcolor gauge bosons to the electroweak precision parameters [24, 26] . To fix the parameter M TSS,0 , we consider the benchmark parameter values listed above, t = 0.5 and Λ = 50 TeV. For each of these parameter sets, in 70 GeV. We will return to this special case shortly, but consider first the case of the lighter state h satisfying m h = 126 GeV. In Fig.4(b) , the horizontal solid line is cos α = 1/ √ 2, and above (below) this line | tan α| < 1 (| tan α| > 1). Based on Fig. 4 and the discussion below Eq. (22), we expect that the state h with mass of 126 GeV originates mainly from the condensate U 
for m h = 126 GeV and
for m H = 126 GeV. 
60 100 200 300 500 1000 Based on the benchmark parameters, Eqs. (48)- (51), we next discuss the quark mixing angles. First, the fermion mass part after the dynamical electroweak symmetry breaking is
where
are the mass parameters which do not contribute to the dynamical electroweak symmetry breaking, and they are arbitrary parameters in the present model framework. Now, we assume that the quark mixing matrices U, D reflect the seesaw mechanism for the third generation and their vector-like partners, and hence the quark mixing matrices are written as
where c 
Thus the fermion mixing angles are determined by the solutions to the RGEs, compositeness conditions and onshell conditions in Eqs. (60) 
2 . This correction to g b L arises at tree level in the present model (for details, see section IV B), and the allowed region is above this line. In order that fermion sector does not generate a large contribution to the Tparameter, we set 
. On the other hand, in the case of (a), (b) and (c) parameter values, corresponding to (tan φ, tan β) = (1, 0.5), (1, 3), (0.5, 3), we find the hierarchical structure
. Now, focus on the case of Eq. (56) 130 GeV is ruled out by the charged higgs boson search and thus we eliminate the representative point, Eq.(56), and will not consider it further in this paper. In this section, we consider the EWPT constraints in the present model. By using Eq. (8) in the mass basis of PNGBs and higgses, we obtain the Feynman rules in Tables. II,III and IV in appendix A. Then we compute higgs contributions to the vacuum polarization at the one loop as shown in Fig.7 . The results for the Peskin-Takeuchi S and T parameters [39] are given in appendix A. The results are similar to the generic three higgs doublet model. The difference arises from the fact that since we treat the TC sector using the non-linear sigma model, one of the higgs doublets does not contain the CP-even higgs boson; see Eq.(5). This leads to non-cancelling 1/ -contribution in the S and T parameters. However, this is not a problem, but merely reflects that our effective model is not ultraviolet complete theory, but should be only studied below a finite cutoff scale. Therefore, to interpret the final results in terms of the cutoff of effective theory, we replace these divergent part as
where Λ TC is the cutoff of the effective theory for the TC sector and we take Λ TC = 4πv TC .
In Fig.8 we show the EWPT constraint for the present model with the representative points of the parameters as given in Eqs. (52), (53) and (55) [40] . So far our discussion of the technicolor sector has been general. For illustration, here we also consider how the more detailed features may affect the results. As an example, consider minimal walking technicolor, where a fourth chiral generation of leptons arises due to cancellation of a global anomaly. Hence, in the present model, S and T are given by
The factors with subscript TC correspond to the contribution from the TC sector and will be discussed below. The factors with subscript 3HDM correspond to the contributions from the three Higgs doublet sector, and are given in Eqs.(A1) and (A2). The factors with subscript N, E and q4 and G , Z correspond to the contribution from the fourth generation chiral leptons, vectorlike quarks and heavy topcolor gauge bosons, respectively, and these are explicitly given in [26] . Note that the contribution from new chiral leptons arises only if we associate the technicolor sector with minimal walking technicolor. The contributions S G ,Z and T G ,Z become large below Λ 10 TeV but are small and negligible for Λ ≥ 50 TeV. Since we concentrate on Λ 50 TeV, we do not consider these contributions. Finally, the factors ∆ S,T contain the contributions from the SM-like CP-even scalar h 0 , and the subtraction of the SM higgs contribution; see [26] .
We assume that the TC sector conserves custodial symmetry, and hence we take T TC = 0. For the TC contributions to the S-parameter, we consider the generic TC sector without extra leptons, i.e. (i) S TC = 0, S E,N = T E,N = 0, and TC sector of minimal walking technicolor (ii) S TC = 0 with (m N , m E ) = (120 GeV, 100 GeV), (iii) S TC = 0.1 with (m N , m E ) = (120 GeV, 100 GeV). These correspond to groups (i),(ii),(iii) in Fig.8, respectively . From  Fig.8 , we find that the EWPT constraint allow (tan φ , tan β) = (1, 0.5), (3, 3) among the present representative values in Eqs. (52, 53, 54, 55 ). In the case of (tan φ , tan β) = (1, 3), (0.5, 3), the minimum values of T are given T 0.31, 0.6, respectively. The origin of these rather large values can be traced to the spectrum: From Fig.6 (b) and (c), corresponding to (tan φ , tan β) = (1, 3), (0.5, 3), we find m A1 < m H,H ± 1 and this splitting causes a large contribution to T -parameter similarly with the top-seesaw model [24] . From Fig.6 (a) , corresponding to (tan φ , tan β) = (1, 0.5), we also find m A1 < m H,H ± 1 but in this case m A1 m h at around Λ = 50 TeV, so in this case the overall contribution to T -parameter remains smaller, and the result can remain within the S − T ellipsis in Fig.8 
B. ZbLbL constraint
Generally, light charged higgs bosons with mass around 300 GeV are constrained by the experimental value of R b and A b ; for the case of 2HDM, see [41] . In this section, we discuss the radiative correction to δg b L , which is defined as
for the higgs sector in the present model. Now, the interactions between fermions and electroweak gauge bosons in the fermion mass basis are given by
where Zf f + Wf f terms are given in Table V in appendix A and g t,b
L,R is given by
For our analysis, we also need the yukawa interactions among 2+1 higgs doublets and fermions. In the present model, the yukawa terms for third generation quarks and their vector-like partners, which is a part of Eq.(9), are
where the first and second terms are written in the topcolor interaction basis for fermions but the third and fourth terms are in the mass basis for fermions. The couplings y 1,2 are solved from RGEs, Eqs. (33)- (39) under the compositeness conditions, Eqs. (40)- (42) with on-shell condition Eqs. (43) . On the other hand, the couplings y b,t TC are given by
where t,b are defined in Eqs. (45) and (46). For our purpose, it is enough to consider yukawa interactions which include the charged scalar particles and the left-handed bottom quark, and these yukawa interactions are given in Table VI 
Throughout the calculation in this section, we will work under the assumption m 
As to the one-loop radiative correction, we divide it into two parts: one including the EW gauge boson in the loop, and another that does not include any EW gauge bosons. We denote these two corrections as [δg 
and [δg
We take the incoming Z boson momentum equal to zero. Using the results from Appendix A, we obtain the renormalized [δg
as follows: First, the UV-divergences are renormalized as [43] [δg
Thus the deviation from g b L in the SM in the present model is given by
Here ∆[δg
and [δg 
, and this result reproduces the result obtained in [45] .
Turning to our model study, then, in Fig.9 , we show constraint for [δg b L ] defined as Eq. (78) with parameter values from Eqs. (52)and (55), which are allowed by the EWPT constraint as seen from Fig.8 . The shaded region shows the 95% C.L. allowed region in accordance with Eq.(73). In Table I , we summarize the judgement of the experimental constraints we have considered for the representative parameter values from Eqs. (48)- (51) and Eqs. (52-(55) . Thus, among the representative values Eqs. (52)- (55) 
In this section we fix t = 0.5 but we vary b in a range 0.1 ≤ b ≤ 1 which does not affect the experimental constraints discussed in section IV. For the LHC phenomenology, the relevant part of the full Lagrangian is
In the SM case, prefactors C in Eq.(83) are
In the present model, on the other hand, the prefactors C hXY (X, Y = H ± i ) in Eq. (83) are given by
and C W XY,ZXY in Eq.(83) are read off from Table V in the Appendix A as
Here we show only couplings which involve the third family quarks and their vector-like partners. For other fermions (leptons,first and second family quarks), the couplings are the same as the SM case. Finally, the coupling term proportional to C hH
in Eq. (83) is derived from the potential V (Φ 1 , Φ 2 , Φ TC ) in Eq.(10). Its expression is lengthy, and we do not write it explicitly.
By using Eqs. (83)- (100), we evaluate the decay width of h 0 . Like the SM-higgs boson, also h 0 generally decays into W W/ZZ,f f via two body decay, W W * /ZZ * via three body decay and γγ, gg, Zγ via loop processes. The relevant decay widths are collected in the Appendix B. Applying these results, we now discuss the production cross section and the signal strengths of the lightest higgs boson in the present model. First, we consider the production cross sections. The cross section of gluon fusion process of higgs boson production σ ggF (h) is enhanced compared with the SM case as 1 as seen from Fig.5(a-2),(c-2) . This means, that vector-like fermions do not give a large contribution to the loop process gg → h, h → gg/γγ/Zγ in the present model. This result is different from results in a model including vector-like quarks e.g. [47] . On the other hand, the cross section of vector boson fusion process (VBF) and vector boson associated process (WH/ZH) of higgs boson production are suppressed compared with the SM case as
This suppression arises since these ratios mainly depend on C hW W in Eq.(87), which shows that C hW W ∝ cos φ, and hence becomes small if tan φ becomes large. Thus we obtain the ratio of total higgs boson production cross sections for 0.1 ≤ b ≤ 1 as Next, we consider the signal strength µ X , which is defined as
for X = γγ/W W * /ZZ * /τ + τ − and
for X = bb. We note that µ τ τ [TSSTC] = 0 in the present model since the higgs boson does not couple to leptons (see Eq. (9)). This fact is different from the SM higgs boson case. For reference, we list the LHC results of µ X : 
for m h = 125 GeV at the CMS group. From Eqs.(107) and (108), we find that µ τ τ [TSSTC] = 0 is consistent with the present LHC results. In Fig.10 (a) , we show the signal strength µ X as a function of b . In Fig.10 (a) , the blue solid, green dotted, red dashed and magenta dot-dashed curves correspond to µ γγ , µ W W * , µ ZZ * , µ bb , respectively. Moreover, for comparison, we present the values of µ γγ,ZZ * ,W W * corresponding to the results reported by the ATLAS and CMS experiments and given in Eqs. (107) Among these possibilities, the first one occurs naturally in the present model, since the topcolor dynamics generates composite vector mesons. Let us denote such color-singlet vector meson isotriplet by ρ ± µ , and assume its mass to satisfy M ρ 2m h . We add
to Eq.(83). In this case Γ(h → γγ) changes from Eq.(B6) to
where · · · contain the A 1/2,0 -terms in Eq.(B6). If M ρ 2m h 2 × 126 GeV, A 1 can be take to be equal to −7. Then Γ(h → γγ) can be enhanced for suitable values of C hρρ . Furthermore, this new vector meson does not give any contribution to the other decay channels at the leading order since ρ ± µ is color-singlet and M ρ 2m h . In Fig.10(b) , we show the signal strength µ X for C hρρ , with M ρ = 1 TeV, as a function of b . In Fig.10 (b) , the blue solid, green dotted, red dashed and magenta dot-dashed curves correspond to µ γγ , µ W W * , µ ZZ * , µ bb , respectively. For comparison, we again also present the values of µ γγ,ZZ * ,W W * from the ATLAS and CMS experiments. The dependence of the results on M ρ is small for M ρ 2m h due to the loop function A 1 (x). Summarizing, we find that this modification, i.e. adding L hρρ , gives a large contribution to Γ(h → γγ) but Br(h → W W * /ZZ * /bb) are not affected by this addition. Therefore, from Fig.10 , we find that the present model with
is consistent with the experimental constraints and the LHC results of higgs boson search. Future data from the LHC will allow to constrain the model further. Especially interesting will be the fate of the deficit observed in the τ τ -channel, and which is by definition explained within our model. If a signal in the τ τ -channel is ultimately observed, the model must be revised to accommodate such a result. 
VI. SUMMARY
In this paper we have explored a model where both electroweak symmetry breaking and the origin of the heavy quark masses are due to new strong dynamics. In the model we considered, the third generation quark masses arise from the topcolor interactions via the top-seesaw mechanism. These augment a technicolor sector which is mainly responsible for the generation of the masses of the weak interaction gauge bosons.
The resulting low energy effective theory is a particular three Higgs doublet model. Several novel properties were identified. We considered the CP even scalar state associated with the technicolor sector to be heavy. This assumption is reasonable for the minimalistic technicolor sector we considered, but may be alleviated for other possibilities. In particular, if the technicolor sector is quasiconformal, the scalar state is expected to be light and contribute to the mass eigenstates in the scalar sector.
In the phenomenology analysis of the model we have provided a template on how to confront this type of models with the existing data from the precision electroweak measurements to the recently announced LHC discovery results. In particular we find that a natural way to accommodate the possible observed enhancement in the h 0 → γγ channel, is via the composite vector state which inevitably exist in this type of models.
Our analysis of the model parameter space is to be taken as only illustrative. We have provided the necessary formulas and concepts, shown that viable portion in the parameter space exists and laid out the way for the more detailed scan of the parameter space. The future results from the LHC on the fate of the excess in the γγ channel as well as on the deficit in the τ τ final states will certainly provide stringent constraints on this type of models. Fig.7(a) . Fig.7(b) . The four-momentum pi points into the vertex.
SSV -vertex Feynman rule
Computing the relevant diagrams corresponding to Fig.7 , the Peskin-Takeuchi S parameter for the higgs sector in the present model is given by
Similarly, the Peskin-Takeuchi T parameter for the higgs sector in the model is given as 
1
B 00 (q 2 , m 
We are computing using dimensional regularization, and we remark that these results are almost the same as the results for the three higgs doublet model. However, the difference is that one higgs doublet among three higgs doublets does not have the CP-even higgs boson; see Eq. (5). This implies that Eqs. (A1) and (A2) have a divergent part proportional to 1/¯ since we treat the TC sector by using the non-linear sigma model.
Note that if we take a limit, tan φ = 0, c 1 = c 2 = 0, i.e. cos ζ p = 0, and m 
which are finite and reproduce the 2HDM results [24, 50] 
